The influence of non-magnetic central node defect on magnetic hysteresis of regular square-shaped segment of magnetic dot array with perpendicular uniaxial anisotropy under the thermal activation was investigated via computer simulations based on stochastic Landau-Lifshitz-Gilbert equation. The aim of this study is to point out the simultaneous effect of anisotropy and thermal activation to the dynamical properties of magnetic dot arrays.
Introduction
Magnetic dot arrays (MDAs) [1] are nanoscaled monolayer structures consisting of the identical magnetic nanoparticles, called dots, which are periodically ordered on a non-magnetic substrate. MDAs are interesting, partly because of their properties, that essentially differ from those of the bulk materials. The concept of MDAs is associated with variety of applications like magnetic field sensors [2] or reading heads of magnetic-disk data-storage devices [3] .
The technology of fabrication of MDAs [4] has been perfected to an excellent degree in the past few years. However, in practice, an occurrence of technological defects is still frequent [5] . This is the reason we study how the imperfection in form of the single-dot vacancy in the center of MDA pattern affects remagnetization processes. In order to understand defect consequences, two distinct MDA arrangements -defect-free (DF) and defect-including (DI) -were simulated and its properties were compared.
Our present study is closely related to our previous work on isotropic model [6] . A key aim of this paper is to investigate the effect of perpendicular uniaxial out-of-plain anisotropy of dots.
Model
In this section we shortly review the dipolar model of monodomain ferromagnetic particles on regular square lattice L × L separated by a lattice spacing a.
The magnetic state of i-th dot is described by the effective rescaled 3D magnetic moment m i normalized as |m i | = 1. The effective field in i-th dot of MDA is
where the first term describes dipolar coupling between dots of distance r ij . The second term introduces uniaxial anisotropy specified by dimensionless constant k; e z = (0, 0, 1) is the direction vector. Finally, the third term of h eff i is the external magnetic field. The field is measured in the H 0 = V M s (4πa 3 ) −1 units including the dot volume V and saturated magnetization M s . The magnetic moment of defect is fixed to zero. The dynamics of magnetic moments is described by the stochastic Landau-Lifshitz-Gilbert equation [7] :
where α is the dimensionless damping parameter; τ is the time in t 0 = 4πa 
Remagnetization process
We have studied behavior of DF and DI MDAs in the time varying external magnetic field applied in parallel way to one of the main MDA axes h ext (τ ) = (h h ext x (τ ) < h max , where h max hase to be enough to saturate MDA. It has been verified that h max = 3 is sufficient. The quantity of our interest has been the 2) has been performed using stochastic Heun scheme [7] . For further details of numerical approach see [6] . All of our numerical analysis is limited to MDA of size L = 5, and dot material α = 0.1. In Fig. 1 we show mean hysteresis loops obtained by averaging of 600 stochastic remagnetization events. Obviously, by increasing the temperature, the hysteresis vanishes. The magnetization reversal is accompanied by the complex collective behavior of dot moments. Rather slow magnetization moves are separated by abrupt irreversible jumps. The dynamical impact of defect is characterized here by the temperature dependence of the ratio A DI /A DF of DI and DF mean areas of hysteresis loops (see Fig. 2 ). 
Conclusion and discussion
The numerical simulations have confirmed that the presence of non-magnetic central node defect on MDA segment of square lattice affects significantly the dynamical properties of MDA, which clearly follows from Fig. 1 . According to Fig. 2 the including of thermal activation brings not only more realistic view point, but it enhances a chance to identify point defect. Quantitatively, the optimum for defect detection is temperature T max 0.25T 0 . The results indicate that the peak of A DI /A DF decreases with k increasing, but the non-monotonous course of this temperature dependence reassembles the isotropic case. In addition, T max does not change significantly with k. In summary, our results confirm that various defect detection methods proposed in [6] could be generalized to MDAs consisting of anisotropic dots, however, the sensitivity of defect detection becomes disputable in highly anisotropic cases.
